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Date  ^  19 


NIOBIUM  lODILL  iiNL  SOME  OJ  ITS  PROPERTIES, 


V,  S,  Enel*yanov,  A.  !•  Evstiukhin,  and  G,  A.  Leont*  ev, 

INTROLUGTION, 

For  some  time  past  niobium,  through  the  aevelopment  of  engineering 
became  a  very  perspective  metal.  The  interest  in  it  had  not  been  casual. 
The  metal  has  a  high  melting  point  L  in  the  neighborhood  of  2500^0], 
a  small  macroscopical  cross  section  for  the  capture  of  thermal  neutrons 
[  1,1  bams  j,and  is  sufficiently  pliable.  Niobium  aoes  not  react  with 
such  liquid-metal  cooling  agents  as  sodium, lithium, tin, mercury, ana  lead 
up  to  temperatures  of  800®C.  It  has  good  mechanical  properties  at  eleva- 
ted  temperatures:  its  tensile  strength  at  550®C  is  equal  to  236  kg/mm  [l] 
Niobium  can  be  used  as  a  construction  material  for  jackets  of 
heat  yielding  elements  derived  from  uranium.  In  alloys  with  uranium, it 
forms  a  quasi-iso tropic  structure  which  increases  the  viability  of  heat-- 
yielding  elements.  These  properties  make  the  metal  adaptable  in  nuclear 
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energetics,  NioDiua  appears  to  be  a  perspective  material  for  utilization 
in  heat-stable  alloys, finding  application  in  cryotron  devices  which  uti¬ 
lize  its  surface  conductivity  at  low  temperatures, as  well  as  a  corrosion- 
resistant  material  for  the  cheiaical  industry, and  so  forth, 

Niobiam’s  natural  resources  satisfy  fully  the  demend  for  it.  The 
metal  is  contained  in  the  folloviinri  minerals:  pyrochlore,eschyni te, evxe- 
nite,loparite,and  others,  Presently,a  nev;  niobium-containing  mineral  has 
been  discovered, aesigmitea  as  carbonatite,  trie  reserves  of  vrhich  are  esti¬ 
mated  to  run  into  several  millionbof  tons  i2j»  The  availability  of  niobium 
comprises  thousands  of  tons  per  year, whereas  for  its  analogue, tantalum, 
it  amounts  to  only  hunareus  of  tons  per  year  l3J.  Niobium's  reserves  in 
the  earth's  crust  are  greater  than  those  of  nickel, molybdenum  and  tungsten 
taken  together. 

At  the  present  time  donand  for  niobiumn^Yee  of  non-metallic  impu¬ 
rities  [consisting  of  carbon, nitrogen  ana  oxygenj,has  oocurred.  As  is 
well-known,  these  impurities  are  removed  from  zirconium,  titanium,  chromium, 
vanadium, and  other  metals  by  the  thermal  dissociation  of  their  volatile 
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ht^iiae  c^mpounas.  The  question  ar^se,  therefore, whether  utilization  of 
this  method  for  the  purification  of  niobium  coula  be  realized.  So  far, 
this  problem  has  been  studied  invSuf  ficiently ;  the  published  papers  are 
aevoted  only  to  the  thermal  dissociation  of  niobium  pentachlorioej  there 
have  been  no  inaications  regarding  the  application  possibility  of  thermal 
Gissociation  to  volatile  niobixim  ioaiaes.  It  has  been  mentioned  only  in 
reference  books  that  heatin^^  causes  niobium  pen tachloriae  to  aecoinpose. 

Luring  the  completion  process  of  the  ^resent  woi-k  for  printing, 
there  appearea  a  report  by  L.  M.  ChznlKOv,ana  a.  I’d.  Grin*/:o  who 
were  successful  in  obu.inint,  moxuahle  nioDium  by  the  tnennal  aissociation 
of  niobium  triioaiae.  The  fiasK  temperature  in  their  experiment  was  630^0, 
while  that  of  the  filament  was  13o3-lojO°C.  Ine  process  proceeaed  with  the 

continuous  evacuation  of  the  liberated  ioaine.  Observable  removal  of  car¬ 


bon, nitrogen,  titeniiara,  iron, aluminu;n,manganeese,  silicon, tungsten, ana  mo- 
lybaenum  was  recoraea  by  these  investigators.  The  extent  of  purification 
was  not  inaicatGG.  The  leaa  content  Gecreased  from  0.26%  in  the  original 


metal  to  0.09/^n  tiie  final  procuct.  Tne  tin  content  fell  corres^onaingly 


iroji  to  J,301%.  In  oroer  ho  realize  tills  proces"?,  the  authors  had 


to  prepare, lirst  of  ail, the  appropriate  amount  of  the  halioe  which  was 
then  introouced  int-o  the  appaiatas  ana  subjected  to  theraal  dissociation 
L,  H.  S^tvitsiciy  ana  covorkers  [5j  have  studied  some  of  the  pro¬ 
perties  of  the  obtained  metal, as  a  result  of  which  it  was  shown,  that 
the  initial  recr/stallization  temperature  of  niobiim  iodide  differs 

Q 

sharply  from  the  recrysv-.ilization  temperature  of  the  molain^  metal. 

This  is  eviaently  associated  vrith  lh^•  jietil*  3  impurities  content.  In  thi 
manner, the  performt^a  ^urificntion  of  niobiu^a  enaoxes  the  ^roauction  of 
a  nitrtal,^^ossessing  vaiuaoie  properties  \^nich  ai-e  absent  in  tne  molding 

He  tai . 

Available  literature  aata  of  niobium  iodiaes  is  presented  in 

table  !• 

THn  iv?PniJxTUb  ixM  fRxi^AKATlOM  Oi  THl  r^nOGLSS. 

The  ori^jinal  thermal  dissociation  w*as  studied  on  chlorides, but, 
inasmuch  as  a  number  of  shortcomin^^^s  developed,  iodioes  began  to  be  uti- 
lizeG  for  this  purpose. 


Tivb_e  1. 


% 


Composition, Properties, ana  Preparation  Methous  of  Niobium  loaiaes. 


loaiae 


Preparation 


Nbl^[bronze- 
colorea  crys¬ 
tals]  , 


Nb  +  I  Nbl^*  l6j 

excess 

Nb  + 

excess 

& 

Mb  f  2.5I2— H^bl5^Hn_4j 


Nbl^tgray- 
colorea  crys¬ 
tals]  . 


2lc^C 

^Nbl^y^-aNbl^  +  I,  L18J 
tthe  lOQioe  is  concen-^ 
tratea  in  the  cola 
part  of  the  tube]. 


Nbl^^DlfCiC-  IJ  All  3  ^  3NB^05 - — ^ 

colorea  crys¬ 
tals  bNbl3+6I;^+5Al^O^  t7j 


Coc\ 

Nbtl.5I;j-~->Nbl3  L4J 
V»>ca'>i  ^ 

bbliLOferk  2NbI 

gr^  y  co^oreo 

J5  crysttlsj  2hl  lij 


*  The  iodioe  was  synthesized  in  a 
stream  of  iodine  vapors. 

^  The  ioaide  was  s^iithesized  unoer 
s  tit  tic  conaitions. 


Properties 


Decomposes  when  heated^  melts 
with  aecomposition  unaer  its 
own  vapor  pressure  at  3^®Cj 
reacts  violently  with  air- 
moisture,  decomposes  very  ra- 
pialy  in  water  ana  alkaline  * 

solutions. 


Reacts  violently  with  water 
and  oxygen;  sublimes  v'hen 
heated  to  3J0°C  |,the  subli¬ 
mate  consists  of  aark-gray, 
metallic-like  oblong  plates 
and  thin  needles j  there  occurs, 
simultaneously, partial  dis¬ 
proportionation  with  the 
fomation  of  the  more  volatile 
penta-iodiaej;  heating  to 
430°C  lesults  in  the  dispro- 
portionment  to  the  black  tri- 
iociae^*  it  gives  a  brown- 
colored  solution  with  water, 
while  c  blue  coloreo  solution 
results  with  dilute  hyurachlc- 
ric  acio*  it  possesses  para¬ 
magnetic  properties. 


njurolyzes  weakly  in  air  ana 
reacts  slowly  with  water  ana 
alkalies J  insoluble  in  concen- 
trateo  nyciochloric  acia,but 
is  soluble  in  ailute  nitric 
acid. 


*  Decomposes  olowly  by  and  LK3 
in  the  cold, but  w^hen  heated, cecom- 
poses  rapioly'  HCl  anciilJ03  acios 
oxicize  the  oiiodice  rapidly^ 
H2&O4  a'bid  reacts  with  it  only 
at  8  temperature  of  IJO^CJ  it  is 
insoluble  in  acetone, benzine, 
CKC1| ,aioyane,Cri3CK20H, ether, 
CH30H,petroleum-ether,HiS,CCi^^, 
ann  density  ^at  14°CJ  is 

e^ual  to  5.]7-5.^3  g/cm  . 


s 


I 


Theruiul  alssoctHtlon  Vas  realized  aCQOrtin^.  the  Van  KiiCel 
plan*  The  ioaide  was  synthesizea  directly  in  the  apparatus  into  which 
niobiuj:i  shavings,  to  be  subjected  to  purification, were  previously  intro¬ 
duced  l.tne  lathe-prepared  shavings  were  u-ade  from  the  moldable  metal j* 

In  order  to  remove  iron  filings  tucen  off  tne  cutter  as  L  result  of 
the  genera  tea  friction,  the  shavings  w’ere  boiled  for  one  hour  with  chemi¬ 
cally  pure  hyorochloric  acia*  The  resicual  acia  was  washed’  off  carefully 
with  distillea  water, the  shavings  were  ailea  at  a  temperature  of  110- 
120°C,  followea  oy  subsequent  vacuom  aehyoration  at  teiiipe  natures  up  to 
ilJJ°C  for  the  removal  of  absorbea  gases.  The  shavings  tnus  piepared 

were  storea  unuer  vacuum. 


Tne  apparatus  usea  for  the  purification  of  niobium  is  shown  in 
fig.  1.  The  thermal  dissociation  process  was  conductec  in  the  horizon- 

o 

tally  situated  flaSK  7, into  which  molybdenum  current-leads  13, directed 

di 

through  the  spur  12, designated  a  cap, were  hermetically  entrusted.  The 
filament  3  was  braced  on  the  current  leans  with  the  aid  of  connec^^ting 

t  * 

needles.  The  purified  metal  9  ^as  placed  beneath  this  filament.  In  order 

t 


(p 


to  be  in  a  position  to  regulate  the  vapor  pressure  insiue  the  flask, a 
second  spur  attached, vhich  amoii^  others, was  also  useo  to  charge 

the  flask  with  the  purjfieo  metal,  to  evacuate  the  flask, and  to  introduce 
iodine  into  it.  the  flask  as  well  as  its  spurs  were  heated  indepenoently 


Fig.  1.  Schematic  oraving  of  the  apparatus  for  the  purification  of 

niobium  by  the  thermal  cissocia  ti’on  of  its  iodides: 

0  -/ 

I —  thermocouple;  —  ovtn  idr  the  heating  of  the  flask’s  spur;  3 —  flask’s 
spur  I  4 —  tnenaocouple^  5 —  galvanometer;  6 —  oven  for  the  heating  of  the 
flask*  7 —  flasKj  6 —  filament ^  9 —  metal  to  be  purifiec^'  10--^  prism* 

II —  oven  for  heating  the  flask’s  cap^  12 —  the  cap  of  the  flaskj  13 —  mo¬ 
lybdenum  inlets  soloerea  into  the  14 —  optical  pyioneterj  It) —  current 

tiansfomer 16 —  knife  sv/itchj  17 —  automatic  temperature  regulator  j 

18 —  step-aovn  transformer  '  19 —  automatic  transformer  j  — kxife  svitchj 

21 —  fuse‘s  22 —  thermocouple  j  23 —  amperemeterj  24 —  autoinatic  transfor-  ^ 
mtr^  25 —  magnetic  starter^  ^6~  automatic  transformer ;  27 —  themo- 
couple. 


from  eech  other  by  ovens  2, 6, end  11.  The  cep  temperature  was  melntained 

at  300-320^'C, the  flask  temperature  at  340-36CI®C,anG  the  spur  temperature 

at  30-130°C.  As  is  well  icnowii,  conoensation  in  a  closed  system  takes 

place  in  sections  havin^^  tne  lowest  tem^ierature  ;  in  our  experiments^ 

such  a  section  was  representeo  by  thu  fiasK*^spur  3.  Maintaining  the 

o 

spur’s  temperature  at  one  oi  the  other  teaipcrature, we  were  able  to  re- 
.  ^ulate  the  pressure  of  the  vapors  in  the  fie<sk,  i.e,  we  vrere  able  to 
regulate  to  some  extent  the  filament’s  ra.te  of  growth.  The  automatic  tem¬ 
perature  regulators  17  permijfc  one  to  maintain  tne  assignee  tempera  Inures 
with  the  aic  of  thermocouples  l,22,e.nQ  ^7, which  are  connected  to  these 
regulators. 

Iodine  w^  s  introduced  into  the -flask  without  disturbing  of  the 
vacuum.  This  was  eccomplisheQ  in  the  following  manner  For  the 

evacuation  of  the  flask, a  tv^o-neOK  T-joint,  ce  pable  of  being  vacuum  e 
resolcerea  \'aG  affixea  to  the  vacuum  system.  An  jonpoule,  fittea  vrith  a 
thin  spout, con tairiing  an  assi-ned  amount  of  a  previously  ceaeratea  ioaine 


Simple  was  placeo  jn  the  sice  spur  of  the  T-joint.  The  flask  was  aeaeratea 


A  scheiat-tic  crtving  for  tne  introauction  of  ioaine  into  the  flask 


without  brearwing  of  the  vacuum. 


until  a  btaole  vacuiun  ^in  the  oraer  of  IJ  inn  Hgj  vas  attainea,unGer 
uniform  heating  to  4J0®C, after  which  it  was  unsoloerec  in  section  A 
fi-om  the  vacuum  Sv-stem.  The  flask  having,  been  cooled, was  witharawn,  from 

t  • 

the  furnace, ana  by  gently  tapping  against  the  spur* s  wall, the  ampule* & 
spout  was  broicen;  thiou^^h  careful  heating  of  the  spur-containing  ampule, 

9 

the  iodine  was  distillea  into  the  flask.  This  being  corlpleted,  the  T-joint 

.  •  • 

vas  unsoldereo  from  the  rest  of  the  a^^paratus  at  section  B,ana  the  flasl? 

vas  reacy  for  the  theriufl  oiesociation  process.  It  is  expedient  to  elimi¬ 
nate  resicual  ^ases  fi*oiii  tne  flask  with  the  aio  of  an  absorption  filament 


This  filijnent  vas  inouiitea  in  paicJlt*!  to  the  Main  onc,fctit  it  vas  sTiorter 


by  2-3  times  ana  lar^^r  in  diaxiieter  by  fovx  times  than  the  basic  filament* 
At  a  potential  clfference  of  3-4  volts, which  did  not  cause  even  brightness 
of  the  basic  fi].ament,  the  absorption  filament  heated  up  already  to  a  tern- 
perature  of  1, 000-1, 100°C, arid  the  first  portion  of  the  metal  settled  on 

■  -tl  •  . 

it.  At  the  seine^  all  the  residual  gases  were  absorbed  by  it.  A.fter  reaching 
a  current  of  13-16  ainperes  by  the  absorption  filament, it  was  calcihed, 
thus  raising  shrirply  the  potential  oifference  on  it  to  15-^0  volts.  Now 
tne  main  filament  coulc  be  varmeu  up.  Having  coin  pie  teo  the  Initial  pla¬ 
ting  prd’cet.ses  ^at  a  filament  temperature  excceoing  the  question 

% 

arose  vhetner  ^uri'»fi cation  has  reaxly  tajcen  place. 

i\i!>bULTb. 

o 

Harciness  measurements  of  non-smeltea,aenGritic-sl:rtped  niobium 
bars  proved  to  be  meaningless;  it  was  uecided, therefore  to  smelt  the 
original  and  purified  metal  in  an  arc  furnace  MIFI-9-3  to  compare 

ft  $ 

their  microsections.  Comparison  of  the  microsections  ifig*  3j  shows  that 
*  See  the  current  collection, issue  l,page  106 


the  seconQ  phase, which  is  observable  both  in  the  non-smeltecf  ana  smeltecf 


mettj.  cisapoears  .ifter  the  ioaine  purification.  In  aauition  to  this,  the 


lig,.  3.  Microsmcture  ot  the  molcint»  and  ioaice  forms  of 

niobium  lY  70 J: 

a —  moloing  niobiun  before  smelting^  b —  molcing^niobiun, 
smelted  in  the  ^rc  furnriCe  l^not  stainedjj  v —  molding  niobium, 
♦fcOielted  in  an  tO'C  fi?rria^e;  g —  niobium  iodide^  smelted  iiw^aan  ara 
furnace. 


o 


grt-in  boundaries  become  aefinea.  All  sections  Werti  stained  v^ith  a  mixture 
of  concentrateu  HF  ana  HI\03  acias, containeo  in  a  i  ;  1  ratio. 

Later  on  we  wei-e)  successful  in  smelting  the  raolain^  ana  ioalae 
forms  of  niobium  with  an  electron  beam  in  ‘lacuum.  The  picture  of  the 
grajn  microsections  lepeatec  itself  [fig.  4j.  Tbe  seconu  phase, vrell 


o 


iig.^A*  Niobira*s  miorostiticture, smeitea  by  an  electronic 

bean  t  /  70 J : 

a —  Niobii*m  ioaiae  [fi^s^t  sample j  ^  b«-  molding  niobium* 

^ —  Niobium  iooide  second  sainplej. 


disliingaishable  in  niobium*  a  smelted  luolaing  fora|Oisappeare<3'  after  the  a 
iodide  purification.  The  ^lain  boundaries  of  niobium*  s  iwolding  form  becajne 

cleerer.  Haroness  anu  niicix:>h?^rc?iess  measurements  of  both  samples  before 

•  . 

ana  after  smelting  by  the  electronic  beaia  are  presented  in  table  2. 

Table  2. 

The  arrerage  naraness  of  niobium,  smelted  by  an  electronic  beam. 


Character  of  the  measurea 
sample 


Average  bareness  acco ruing  to  Hg 

Viewers  hocKvell  Superfi-  PiHT-3 

30  Kg  .  scale  H|;>  shel  sea-  2Q0  gram 

loao  •  ^  ie  load  [micro- 

^Rri5*  haranessj 


Niobium*  s  original  molaing 
form  before  smelting 


Niobium*  s  original  molding 
form  after  smelting  by  an 
electronic  beam 

Niobiim*  s  ioaiue  form 
before  smelting 


Niobium*  s  ioaiae  for» 

m  0 

smeltea  by  ati  electronic  / 

r 

■befcm 


)3 


Xt  followB  from  Qhib,  of  table  2  that  electron  beam  smeltinji  lowers 
the  hardness,  i.e.  supplementary  purification  tiilces  place.  The  filament's 
temperature  interval  was  exwuined  from  870  to  1400^0  I  the  temperature 

was  indicated  by  reacings  on  an  a  OPP3P-9  pyrometer]*  it  was  established 

•  •  • 

at  the  same  time  that  the  fine-grainec  loniform  residues, having  plastic 
properties, are  proouced  at  a  filament's*  temperature  not  higher  than  1,000®C 
ana  in  the  ■J^eiuperatui  e  interv'al  of  1,  JOO-1, aOO°C  resicues  are  developed 
with  poorly  accretea  or  non-accre.tea  crystals  having  cone- like  or  spear- 
sbapea  foniis.  luring  examination  of  tne  ciystal*  s  surface  of  the  cone-like 
fo-rp  uncer  the  microscope  it  was  oiscoverea  that  it  consisted  of 

fine  prismatic  ciystals  '  the  spear-shapea  crystals  have  a  oencritic 
structure  [fig.6j  and  it  is  seen  on  the  photograph  of  the  microsection 
that  the  crystal  consists  of  smaller  prismatic  crystals. 

•  Twenty  five  thermal  dissociation  processes  were  conaucted  in 
which  the  temperature  of  the  filament, the  flask  and  the  spur  was  chan- 

d 

ged.  It  was  founa  that  the  seoimentation  process  proceeded  successfully 
even  when  the  temperature  of  the  tail  section  was  mairtsirJed  at 


Fig.  5 •Appearance  of  cone-like  cr^^sttls  of  niobium  ioGioe: 

,a —  a  bar's  macro  photography  L  b —  microphotograph  of  the 

crystals*  surface 


o 


fig.  c.i.ppearanoe  of  l  microsectiijn  of  a  a  end  ri  tic- formed  crystals 

r,—  u  photograph  of  a  cenfiritSc-fomeo  crystal  iX  1%^ 
of  tYit  cross  section  of  th^  same  or>"stal 


b—  rulcro  structure 


but  with  passage  of  time,  the  rate  of  the  sedinientation  process  decrea- 
sga.  In  oraer  to  maintain  the  rate  of  growth, the  temperature  of  the 
tail  section  hau  to  be  raised, wnich  led  to  the  scattering  of  points 
on  the  graph  relating  the  oependence  of  the  filament's  growth  rate 
on  its  temperature  Li'ig*  7j«  follows  from  the  graph  that  with  the 


Fig.  7.  bependeace-  of  the  filament^  s  growth  rate  on  it^ 
temperature  [the  amount  of  iodine  iatroauced  into  the  flask 
l3  inaicated  in  the  bcxesj . 


elevfcllon  of  the  filament's  temperature, its  groVth  ratfe  also  rises. 

He^re, therijis  shown  the  nature  of  the  crystallization:  at  a  filament 
temperature  up  to  l,000®C,the  plastic  metal  is  precipitated;  with  a 
further  rise  in  the  filament's  temperature, the  todiments  remain  compact, 
they  become  brittle, after  which  cleavage  among  the  Crystals  diminishes 
and, finally, sec iments  of  non-accreted  crystals  appear. 

The  temperature  effect  of  the  flask  on  ‘the  -filament*  £  rate  of 
growth  v>*eLS  stuaied  ifig.  3 j  ♦  Luring  the  precipitation  process, the  upper 
layer  of  the  purifieo  shavings  is  covered  with  a  canc  layer  of  the  lowest 
ioQiae.  As  a  result  oi  tne  fiiaiuent's  emission, it  was  overheated, in  com¬ 
parison  with  the  flasK.  The  bottom  lasers  of  the  shavings  remain  lumi¬ 
nous  lor  a  xong,  time  ana,eviactitly,are  purified  in  the  first  place.  The 

flask's  temperature  was  variea  from  290  to  It  was  fohna  that  eie- 

.  • 

vation  of  the  flasic's  temperature  lea  to  an  increase  in.  the  rate  cf 

growth, attaining  a  maximxim, after  which  It  began  to  fall*  These  obser¬ 
vations  ac^  agree  with  data  cht^Jued  by  h.  M#  Chizhikov  and  A.  M* 


Grin'ko  vho  Jieve  r^tudiea  the  ^yntheuis  of  niobim  penta-,4ind  tii-iodides. 


Fig.,  8.  The  depenaence  of  the  filfuaent*  s  rate  of  growth 

or.  the  flasic’ s  temperature  [filament's  temperature 
;>23-940®CJ: 

i“  filament's  rate  of  growth  in  / 10  g/ era. hour 
k —  filaments  i*ate  of  g,rowth  in  amueres/hour 
3 —  filament's  rate  of  gi'ovth  in  a^^-^/hour 


1  ecrease  in  the  rate  of  growth  can  be  explained  through  formation  of 
the  slij^htly  volatile  triiodice, passivating  the  metal.  Llevation  of  the 
rate  of  growth  vi.th  en  increase  of  the  flask's  temperature  to  500-600^0 
shoiild  be  expected,  since  at  this  temperature  the  lowest  formca  iodide 


will  a  significant  vapor  tension.  It  was  shown  through  the  works 


of  our  laboiatory,  that  the  rate  of  growth  is  proportional  to  the  current 

jr 

not  to  the  first  pover,as  haa  been  previously  assumed, out  to  the  power 

of  2/3*  it  i'^  ^een  from  the  ^raph  that  the  filamenV  s  rate  of  j^rowth, 
c 

expressed  according  to  the  latter  function  l curve  3j  coincides  with  the 
rate, expressed  in  g/cm*hour  ^curve  Ij , whereas  curve  rate  2  differs 
sharply  from  it. 

Taking  into  account  the  possible  overheating  of  the  shavingc* 
as  the  result  of  the  emission, the  flasK^e  temperature  was  maintained^ 
within  temperature  limits  of  350-3b0®C,  Luring  the  flask* s  heating, 
required  for  the  conductance  of  the  plating  process, its  tail  section 
was  not  heatc-G, maintaining  its  temperature  at  30— 40®C,  Excess  of  ioaine 
was  conaensec  in  It.  Observations  have  shown, moreover, that  the  plating 
process  proceeds  fully  satisfactorily, and  its  rate  begins  to  decrease 
only  titer  all  tne  ioaine  has  been  boima.  At  the  same  time  condensation 
of  ioaices  ia  the  tail  sectioh  proceeas  very  slowly.  The  necessity^  of 
£iraaually  raiding  the  temperatures  of  the  tail  section  to  80-110®C 

i^’^anlfeats  itwielf  only  after  binding  of  all  the  iodine  so  as  to  maintain 

o 
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o 


the  rate  growth  a  unifonn  level.  ^ 

iibsorption  of  ioaides  by  the  diffused  bars  was  observed  after 
the  process  had  been  stopped*  hashing  off  these  ioalces  was  not  always 
truccessful.  Ioaides  are, however, easily  wasned  away  from  compact  aeai- 

nients . 

After  completion  of  the  plating  process, five  forms  of  various 

conaensates  con  be  observed  in  the  fiasic:  bronze-colorea  crystals 

Lpentaioaice j  ^  ^  blacic-colored  crystals  l  triloaioe  5)  a  bro>m-vs-Lvety 

precipitate^  ^  ioaine  crystals^  ^  fine,blacji:-colored  crystals^x^hlch 

when  heatea  gentl/  are  readily  ais tilled  under  vacuum  with  the  fomatlon 

of  K  crLason-red  precipitate.  .  .  *  '  *  . 

VJe  did  not  conduct  a  systaQatic  stuoy  on  the  effect  of  tail 

section  teiQ^eratureti  on  the  filaLaent*.s  rate  of  growth, but  we  noted  the 

effect  of  ioaine  aaditlons  on  the  nature  of  the  crystallization.  At  a 

filament*  s  tav^rature  higher  than  l,/::5J°C,ariU  a  tail  section  teiQperature 

lower  than  5d°C, spear-shaped^ Isolated  crystals  aeveiopea, provided  the 

flatBk  contained  from  6  IJ  grams  of  loalne  per  100  grams  of  the 


^.0 


purifiea  metal.  An  iodine  content  Of  6-8  grains  caused  the  development 

of  elongated, isolated  crystals  with  rounded  edges, while  an  iodine  con- 

♦ 

tent  of  less  than  6  grains  lea  to  the  development  of  crystals  of  the  cone¬ 
like  form. 

It  was  establishea  through  the  experiments  of  Tottl 
Seibult  L9j5&-na  i>hoflld  |10J  that  niobium’s  nardness  is  affected  sub¬ 
stantially  by  oxygen  dissolved  in  it.  Niobium’s  hardness  depenaence  on 
oxygen  content  is  presented’in  fig. '9-  Using  this. ^raph,it  is  possible 
to  estiiaate  accoroing  to  the  harr^ness  of  the  produced  bar,  the  effectiveness 
of  different  iodine  purification  regimes. 

t 

The  available  literature  catfi  concerning  the  bareness  of  indusrial 
niobium  is  extremely*  aiverse  stable  3j*  It  is  true  that  the  baroness  tie- 
pena9  on  the  matarial’ s  tensity, its  thermal  treatii;ent,anQ  in  some  instan¬ 
ces, on  the  udthoc  of  measurement.  Nevertneless,it  is  impossible  to 
attribute  such  a  great  nispersion  of  aata  to  the  effect  of  these  factors. 
Values, Inaicatea  oy  Macicintosh  4^11j,arta  0.  Kolchin  ^12}  s.  e  almost 
smaller  by  twofola  than  the  other  values  ;  the  authors  also  do  not 
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nar-CTit  if) 
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9*  Niobiuai’s  huit^ae^s  ue^jenaence  L^ccoraing  to  VickersJ 
on  trie  oxj^eu  content  aissolvea  in  it  taccor^^xing  to  aata  of 


various  autnors^: 

1 —  iotti*s  aa’tai  —  3.  ibolt*s  data',  Shofild*s  aata'j 
^ —  Shoflla’s  aata  ^for  ox/gen  and  nitnDgen], 


indicate  what  production  oiethod  of  niobiuni  yields  a  product  having  such 
a  low  bareness* 


Infonriation  of  interest  to  us  on  this  px^oblem  was  found  in  the 
report  presented  by  Rait  ario  hlocK  L^t)j  at  trie  Second  International 
Conference  on  the  Feuceful  Utilization  of  atomic  Lnergy*  As  the  authors 
aaintaia,neither  reuuction  of  the  oxiae  with  calcium  nor  hroxl^s  process 
t reduction  of  tne  pentaciiloriae  with  magnesium]  qo  not  yield  a  metal 


with  a  small  oxy^^en  content;  they  vrere  not  successful,  therefore,  in  the 


arc  smelting  of  niobium 'iji  ingots.  Only  vacuum  smelting  by*  an  electronic 
beam  lov?ers  the  metal’s  hardness  ana  gives  ingots  of  good  quality, the 
Brinell  bareness  of  t.hich  ^vith  a  loaa  of  ^00  Kgj  varies  from  30  to  70 
Kg/iiinT. 

For  the  stuaies,a  la^olaing  form  of  niobium  was  used, which, 
accoraing  to  the  su^^jiier' s  data,haa  the  folio win^^  coiaposition: 

Table  4. 

iiverage  haianess  of  the  original  niobium  sample 
Lthe  molding  fonuj 


Site  of  Samples 

measurement 

il  l3  ■  I5 

Upper  side 
Bottom  side 

niobium  -  99^4;  tantalum  -  titaniu.m  -  0.06;^]  iron  -  0.07^j  ana 

i^ilicon  ♦  J,05/o«  The  hardness  of  the  original  metal  was  detemined  on 
cylindrical  samples  of  lb  imu  in  aiameter  bored  out  from  the  molding. 


Haroness  of  its  anti^ioaal-foraing  siues  proved  be  dissifailar, which 


can, from  our  point  of  view^  be  explained  by  tho  oifferent  extent  of 
presvsing.  Results  of  the  meesuxe:Tient3  are  presanted  table  4* 

Rareness  measureoients  of  the  sajaples  were  conducted  on  various 
aevices  in  order  to  trace  tbe  confomity  of  their  readings  for  a  given 
metal  results  >f-  the ‘measuraTients  a’re  pre^entea  in  table  5j«  It  is  seen 

Table  5. 

Haroness  of  niobiun  samples  measurea  on  various  instruments 


t 

I 


ri  Haroness 


*i‘licroharaness 


ScAiaple*  dfcjapxe  Character*  Viewers, at  a*  Rock-*  buper-*?MT-3>at  a 

•*  ’  loaa  of  *vell  *fishel*loaa  of  200  g 

•  ^  - *  scale*  scale  * 


Temperea  molaing 
form  of  niobium 
LMeasurement  perfor¬ 
med  on  the  bar*  3 
butt  endj 

1 6  Niobiuii  sheet  of  a 

3*6  ni/n  thickness 
before  tempering 

1 5  The  Giame  after  teia- 

pering  at  i,l}0®C 

I-,  Niobium  sheet  Of  a 
5  m  thicKness 
tnot  tempereaj 


from  table  5  that  the  haraness  aeteminecl  vlth  the  aid  o/"  various  instru¬ 


ments  agrees  wexl  if  the  industrial  is  rolled  and  tempert^fi  | hardness 

t.na  aicrohar^ness  tiibbium*  s  molding  fona  aid  not  agree;  tne  microharaness 
valiLes,as  raie,v,ere  much  higherj . 

The  compact  ioaiae  fora  of  the  mdtal  behaves  similarly  as 
niobium's  molding  one.  In  this  case, the  microharaness  values  are  found 

to  he  higher  than  the  hardness  values, whereas  the  microharaness, measured- 

•  • 

on  the  bar*  s  end  is  nigher  than  that  measurea  along  its  forming  siaes. 

Lepending  on  the  plating  regime, a  aiverse  degree  of  compactness 
*  *  •  *  » 

•  • 

of  niobium  bars  proQuc»::a.  If  Doth  hardness  ana  iaicioharaness  of  the 
bars  could  be  successfjxiy  measured, then  in  bars  vita  poorly  accreted 
crystals,  ^practically  only  microharaness  could  be  aeternined  successfully. 

According  to  the  nature  of  the  crystallization, tnf  obtained 
filaments  in  the  examined  temperature  interval  l8/Q-1,4-)0®Cj  can  be 
divided  into  four  groups  {table  bj.  The  appearance  of  the  bars  is 
shovm  in  fig.  10. 

The  appearance  of  niobium's  compuct -tarnished  bar, ana  the 


Table  6. 


■*. 


Depenuen^e  df  the  cry  stylization  cha;^aouei^Dn  tempera  tur«i 


Group  Ciystallization  character  oi  the  Filament*  s  temperature, 
metal* 3  iaalae  form 


A  Plastic  compact  bars: 

tarnishea 
lustruoiis 

B  Non-plastio  compact  b?.r3 

7  Semi-compact  bars  with  unstably 

accretea  crystals 

G  Diffuse  precipitates, grown 

arouna  the’ main  filament  in 
the  form  of  small  petals  or  , 
rounaed  crystals 


microsec tion  of  its  cross  section  are  shoim  in  fig/  11*  As  can  be  seen. 


the  bar  of  such  a  group  has  a  fine-grained  ft tructure, without  pores  and 


*  cracKS.  Its  plating  was  conauctea  at  a  temperature  of  67O-930°C.  The 

.  ^  •> 

average  Hq  hardness  ranges  from  :;6  to  d9  kg/ cm’'  •  At  thy  cros^i  section 
well  joinea  crystals, crawn  out  in  a  radial  cirection  ai-e  seen.  The 


average  microharaness,meusurea  on  the  P:'lT-3  apparatus  with  a  200  gram 


load  is  e.^ual  t^  I46-I08  Kg/imm’ 


d. 


Bars  of  such  a  type  are  well 


the  t^rains, moreover,  are  strongly  lamina  tea,  and  the  cohesion  among  them 


10.  Appearance  o£  bars,obtainea  unaer  various  precipitation 

re^jimes. 

is  not  broKen.  As  a  result,  compact  plantic  bars, which  are  plated  at 
a  filament*  d  teuiperature  of  93'^“950°C,ha\u  then  such  properties, but 
thirir  average  iicroharaness  is  aomewhat  ni^ner  ana  fluctuates  fratn 
70  to  >3  They  are  well 

The  non-plastic  compact  bar  ana  the  microsection  of  its  cr»oss 


section  are  shovm  in  fit,.  1^.  Here  the  ciyctals  are  coarse, cracics  are 


11.  A  tamlshea  plastic  compact  niobium  bar 

1 —  Appearance  of  two  bar  sections  ly  1  ^  \  2 —  microsection 
of  a  bar*  3  cross  s^-^ction  l  70j . 

seen  amon^'them  j^tell  oistin^xdshable  on  the  niicrosectdon] .  Such  bars 
tre  jbtainea  vthcn,  tne**fiia.^ent*  3  t&mperature  is  9S'^-i,13^°C,and  at  a 
higher  temperatare, if  the  purifiea  metal  is  tempered  to  a  temperature 
of  lesft  wnan  .  Their  hardness  attains  values  of  up  to  lj6  Kg/mm*^ 

the  avera^^e  :.iicrohaiMness  vanes  from  i/J  to  o95  t^^m:i^.i>uch  bars  are 
laminated  uoring  l*or^,in£,,out  cracKs  wnicn  u^pea:.  aue  to  the  poor  cohe^ 
sior  of  th«  crystals, aifc  fwi’iiieu  In  tni-m  ‘  on  the  pr^ts^^raph, pores  amon^. 


the  gTain»s  are  seen  aistinctly 


Jig.  12.^  A  non-plastic, compact  bar  of  nicbivun  B 

a —  Appearance  of  two  sections  of  the  bar  7j  ’  b —  Microsec'tion 
of  the  bar’s  cro^js  section  lX^Oj. 


'j 


Fig.  13.  A  seuii-compact  bar  niobium  ^sroup  Vj  with  iX)or]>  accretec 


cryr  tols: 


a— •  Li^pearaiiC^^  of  two  sections  ol  the  err  |  y7j'^  b —  microsection 
of  the  bar’s,  cross  section  i,\70^m 


The  appearance  ol’  thfi  semi- compact  bar  with  precariously  accretea 

9 

crystals  ana  the  microsection  of  its  cross  section  are  presented  in  fig.  13* 

© 

Such  bars  are  obtained  at  filament*  s  teia^^eratuie  of  l,OJJ-l,lJQ^C,anQ 

* 

at  a  hi^h^r  teaip»^ratujre, if  the  amount  ol  tne  introuucea  ioalne  in  the 
flask  aoe3  not  exceed  5  r^ruuiS  of  the  purifiea  metal,  distinct 

large  gaps  among,  tne  crystals  are  seen  on  the  mi  cix)  photo  graph.  Such  a  bar 

« 

-brefcucs  when  bent,  Lue  to  the  poor  cohesion,  the  bar*  5  bareness  could  not 
c*-.  aeasurea.  The  average  iiicroharaneso,i:ieasurec  at  the  cross  section  is 
comparatively  uno.  fluctuates  from  1J9  l<k  Kg/rmn'^.In  this  case, it 
is  possible  to  estimate  the  extent  of  purification  after  smelting, since 
the  micro  hardness  measurement  yiclus  elevatea  results. 

The  ail  fuse  niobiun  seaLasr;ts  are  foracG  at  a  filament's  tampe- 

*  o 

rai^are  higher  than  l,iOJ°C.  in  the  p-L^.tlrit,  wf  seuiments  of  such  a  group, 

&elf-acjUsWifei.t  of  tne  iiiament*  s  thicKnc^^  is  not  observea.  at  tht§ 

o 

start  of  the  proCt'ds^tne  filament's  increases  uniformly, but  subse¬ 

quently  its  out**;?  seclioru^^^bt^in  to  overheat  ana  the  nature  of  the 


crystalllzatioif  on  them  chenges  sharply.  As  a  result  of  this, there  occur 


two  plating  processes  st  cdfferent  temperatures  in  the  flask*  To  what 

c 

extent, moreover, these  crystals  differ  in  appearance  from  each  other, is 
shovn  in  figs. *13  and  14.  At  a  fileiaent'e  temperature  hiigher  than  1,250*0 
a  tendency  foi  the  foAatior  of  denari tlc^-shaped  crystals  is  observed. 

The  amount  of  iodine  introduced  Into  the  flask  affects  the  ciystalliza- 

o 

tion  in  this  instance, if  the  temperature  of  the  flask*  s  spur  exceeas  80®G, 
i.  e.  when  all  the  iocine  is  bouna  as  the  ioaiae.  The  appearence  of 


«» 


Pig.  I4.  PhotOg-raph  of  the  bLr*s  various  sections 
a —  soluble  section)  b~  plated  section.  ^ 

crystals, formed  in  this  case, is  showx^  in  fig.  15.  it  is  interesting  to 


note  that  in  the  long  run  the  bar*  i  axiat  section  is  not  grown  over  with 


Fig.  15.  Appeartince  of  cr>stfcls,obto.ineo  vith  aiverse  iodine  cont€jnts 

in  the  flask: 

Acicular  crystals  vrith  rouna  ea^^es  i,the  iocine  content  is  less  than 
u  ^  |.er  100  g  of  the  purifiec  *at.talj*  b — trian^^ulf  r  eage  cr2''sttl? 
ne  r?ontent  c^o  -  v —  cone-liAe  crystals  4.ioairie  content  g:ams,but 

tne  ^rovth  temperature  is  lover  than  in  the  secono  casej'  g —  s^>t.ar“ 
shapea  crystals  ^  iocine  content  of  8-10  gj* 


It,  >ppet.rtnce  of  seaiiuents  t^Z'oup  G,  X7j: 

a —  a  ;^ortion  of  coarne  cr}  sttls,  rer.iOVt.c:  froii.  the  ;  a  seciiutii^t 

irorii  the  sicci±  filainrnt'a  vicinity  i£  sten,consi£tine5  of  fine  crystals, 
not  accreteo  into  the  dense  layer, in  s^ite  of  the  much  hi^^her  tempera¬ 
ture  of  the  filsineni's  axial  section)  b —  non-compact  ^^recipitate  in 
the  cioss  sectional  viev  l  woen  are  the  over  ^rovn  cenorites  on  the 
filfjaentj)  v —  a  portion  of  the  filamtnt.  vith  unsyiunetrically  ^^lovn- 
ovt-r  crystals  the  arrov  points  to  the  original  filament,  covered  with 
the  over  grovoi  niobium  crystelsj g—  cry'ctals  j^ro^.n  on  sections  ofHhe 
filament ^:.aintaineG  at  a  .:*uch  lov-er  temperature  than  in  case  v  . 


crystals  ;  inste£Jd,only  the  peripheral  sections  of  the  crystals  continue 
to  £i*ow,  Typicil  examples  of  aiffuse  sediments  are  presentee  in  fig,  16, 
The  average  micro  ha  i*dness  of  dendritic-shaped  crj^stals  [see  fig,  15, 
b  and  g]  fluctuates  from  330  to  375  kg/mnf", whereas  the  average  micro- 
hardness  of  the  rounded  crystals  fig*  16, gj  grown  at  much  lower 

temperatures  does  not  exceed  225  kg/mm^,  * 

The  obtained  experiinenUJ.  data  encompasses  only  a  portion  of 
ohe  ^►ossibie  working  interval  of  seaime^^ation;  for  the  present,  there¬ 
fore, it  is  premature  to  consioer  it  as  final  oata,the  more  so,  that  in 
the  region  of  high  flask  tetuperatures  [500-600°Cj  a  seconoary  elevation 
in  the  raue  of  growth  shoulc  be  expected;  we  consioer, therefoi*e, the 
citec  oata  as  preliminary, lequi ring  more  Definition, 

CONOLublOKb. 

As  a  result  of  the  perfoimed  work, the  following  conclusions 

can  be  oravn: 

1.  The  possibility  of  thermsl  dissociation  of  volatile  niobium 


iodioes  was  confimed. 


2,  As  a  result  of  the  themial  dissociation  process, a  more  than 


twofold  decrease  in  the  haronens  and  the  oiseppearance  of  the  second 
phase  in  microsections  of  niobium  ioaicie  takes  place, facts  which  point 
out  to  the  mett*l’s  purification* 

3.  Crystallization  auiing  sedimentation  from  the  gaseous  phase 
Depends  on  the  filament's  temperature  j^up  to  1,000®C  plastic  compact 
sediments  develop  ;  with  the  elevation  of  the  filament's  temperature, the 
sediments  become  semi-compact, anu  at  a  temperature  exceeding  1,250®C, 

the  sediments  become  diffuse, consisting  of  coarse, loosely  joined  crystals j. 

4.  The  optimum  regime, enabling  the  production  of  finely-grainea 
plastic  bars, should  be  considered  as  follows: 


Temperature  of  the  filament . *  .  up  to  960^C 

Temperature  of  the  flask . * . 350  -  360®C 

* 

Temperature  of  the  spur .  40  -  80^C 

Amo\int  of  iocine  per  100  grams  of 

purified  niobium  shavings .  2.5  -  5.0  g. 


5.  Haidness  of  the  bars, produced  under  the  optimum  regime 
fluctuated, according  to  H  from  56  to  61  kg/irm  .  The  bars  ere  readily 
in  the  cold. 


% 


b»  The  seaimentotion  pi-ocess  proceeos  even  in  that  case  when 
only  a  portion  of  the  ioaine  is  bouna  in  the  iodiae  form, 

7.  The  rate  of  growth  rises  proportionately  to  the  increase  of 
the  filament*  s  temperature  |,at  a  temperature  of  870^C  it  comprises 
roughly  6  mg/cia.hour  while  at  l,3B0°C,it  amounts  to  240  mg/cra.hour]  • 

3,  ilevation  of  the  flask* s  temperature  leads  to  a  maximum 
rate  of  growth, observable  at  a  temperature  of  350-3bO®C,  Decrease  in 
the  rtie  of  grov^th  with  a  further  rise  of  temperature  is  explained  by 
the  passivating  action  of  lower  formed  ioaides. 

Unaer  certadn  conaitions  cu:ing  inttiruptions  in  the  plating 
process,  there  are  fonned  on  the  oar' c.  surface, fine  layers  of  lower 
ioaioes.  If  the  layer*  s  thictcness  aoes  not  exceea  0.JJ3  mm. it  coes  not 
impeoe  the  continuation  of  the  crystal's  growth.  However, when  the  layei**  s 
thickness  attains  a  value  of  0.01  mm, the  earlier  gi-own  cry^stals  are 
securely  insula  tec,  foniiing  new  crystallization  centers  on  vhicn  crystals 
of  another  form  ^row. 
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10.  Smelting  of  niobium  iodioe  through  utilisation  of  en  elec¬ 


tronic  beam  was  testecj  at  the  same  time,aoaitionHl  purification 
uccuireo, since  haianess  after  smelting  cecreaseci',  however, the  secona  ^hase 


obsevable  on  mocrosections  of  molaing  niobium  remained, even  after  such 


smelting. 
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